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Introduction and the main result
As is well known, a Hunt process associated with a Dirichlet form with "Co"-regularity(i.e. with a regular Dirichlet form on a locally compact metrizable space) was first constructed by M. Fukushima [Fu2] . See also the fundamental work of Fukushima [Fu3] and Silverstein [Si] . In this paper we extend the result of Fukushima and Silverstein to Dirichlet forms without the assumption of Co-regularity. We mention that there exist already publications concerning the existence of strong Markov processes associated with non-regular Dirichlet forms, see the work of Fukushima [Fu1] and Silverstein [Si] . Moreover [Fu4] and Kusuoka [Ku] . [Fi2] , Fitzsimmons and Getoor [FG] , Fukushima [Fu 5 ], BouleauHirsch [BoH] . For other work on Dirichlet forms see also Dellacherie-Meyer [DM Chap . XIII], Kunita-Watanabe [KW] , Knight
Our approach differs from all the above mentioned treatments. We construct directly a strong Markov process along the same line of the construction used in [Fu3] Chapter 6.
By so doing we obtain necessary and sufficient conditions for the existence of a certain right process (we call it an m-perfect process, see Def. 1.2 below) associated with a given Dirichlet space without the assumption of Co-regularity. Our construction relies on the refinement of the semigroup via quasi-continuous kernels (see [AMI] ). In fact we construct quasi-continuous kernels in a general framework, which can be used even in situations where there are no underlying Dirichlet forms (this is related to previous work by Getoor [Gl] and Dellacherie-Meyer [DM Chap . IX]). In this connection we mention another related work of Kaneko [Ka] who constructed Hunt processes by quasi-continuous kernels with respect to Cr,p-capacity. Our work is also an extension of a result of Y. LeYan who obtained a characterization of the semigroup associated with Hunt processes. In fact our argument for the necessity of the condition (1.9) (see Th. 1.8 below) comes from an idea of . Some of our results have been announced in [AM2] .
We now introduce some concepts and related results which are necessary for describing our main result.
Let X be a metrizable topological space with Borel sets X. A cemetery point X is adjoined to X as an isolated point of Xo := X U {0}. . Let (Xt) = be a strong Markov process with state space (X, X) and life time ( := inf {t _> 0 Xt = ~} (c.f. e.g. [BG] ). We denote by the transition function of (Xt) and by (Ro)o>o the resolvent of (Xt ), i.e.
pif ( (1.5) (iii) Left limit up to (: IimXa(w) =: exists in X a1t for all t E (0, ~(w)), Pz a.s. , , 1~x EX. . (1.6) (iv) Strengthened fine continuity of resolvent:
is Pz-indistinguishable from~x E X~ f E bX.
(1.7)
Here and henceforth bX denotes all bounded X-measurable functions, R 1 f ( X t ) _ I { t 0 3 B 6 } : = l i m R 1 f ( X s ) I ( t 0 3 B 6 ) (we always make the convention that Zo_ = Zo for an arbitrary process (Zt)t~0).
Remarks on the Definition 1.1 (i) A strong Markov process satisfying (1.4) and (1.5) is called a right process with Borel transition semigroup ( see [Sh] Def. (8.1), see also (G2~ (9.7) ; but in [Sh] and [G2] it is also assumed that X is a Radon space).
(ii) A special standard process (see [G2] (9.10)), in particular, a Hunt process always satisfies (1.6) and (1.7). (ii) We mention that for the special case of (Xt) being a standard process on a locally compact metrizable space, the conclusion of Proposition 1.3 can be derived from [BG] (9.3).
We now consider a Dirichlet form (£, .~') on L2 (X, m) (see e.g. [Fu3] for the definition).
We set We now state the following results, to be further discussed below.
Proposition
Let (Xt ) be an m-perfect process. If (Xt ) is associated with (E, ~'), then (Xt ) is properly associated with (£, .~').
Let (Xt) and (Yt) be two symmetric m-perfect processes on (X, X). Then (Xt) and (Yi) are m-equivalent if and only if they are associated with a common Dirichlet form (E, ~').
The above two propositions can be proved by employing the results of Proposition 7.3 in Section 7 and following the argument of [Fu5] . We omit their detailed proofs in this paper. which proves the lemma. (A.27)
The following is the key lemma concerning the regularity of sample paths. 
